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1

USE OF AROMATIC SALTS FOR
SIMULTANEOUSLY REMOVING SO, AND NO,
POLLUTANTS FROM EXHAUST OF A
COMBUSTION SYSTEM

Part of the work leading to this invention was carried
out with funds provided by the United States Govern-
ment as represented by the Department of Energy.
Therefore, the U.S. Government has certain rights in
this invention.

RELATED APPLICATION

This application is a continuation-in-part of U.S. Ser.
No. 07/805,012 filed Dec. 11, 1991, now U.S. Pat. No.
5,312,605 entitled METHOD FOR SIMULTA-
NEOUSLY REMOVING SO; AND NO, POLLUT-
ANTS FROM EXHAUST OF A COMBUSTION
SYSTEM, the whole of which is hereby incorporated
by reference herein.

FIELD OF THE INVENTION

The present invention relates to the control of pollut-
ant emissions, and more particularly to a method for
controlling the pollutants of combustion systems.

BACKGROUND OF THE INVENTION

Techniques are known for controlling emissions of
sulfur dioxide (SO2) or nitrogen oxides (NOy) which are
toxic oxidation products emitted from combustion sys-
tems such as power plants.

For SQO; control, wet scrubbing towers permit efflu-
ent gases to pass through beds of limestone, dolomite,
and other calcium-containing compounds or catalysts.
U.S. Pat. Nos. 3,962,864; 4,178,357; 4,302,425;
4,304,550; 4,313,742; and 4,562,053 illustrate various
devices for cleaning flue gases. Wet scrubbing devices
tend to be expensive because their complexity requires
high operating costs. They also suffer from severe cor-
rosion and plugging problems.

The wet scrubbing process has constantly been modi-
fied in the attempt to down-size the scale of equipment.
U.S. Pat. No. 4,861,577 describes a method wherein
exhaust gas is absorbed into a scrubbing solution which
is then treated in an autoclave to decompose such com-
pounds as thiosulfate and polythionates into elemental
sulfur and sulfate. U.S. Pat. No. 5,019,361 discloses an
amine salt absorbent that purportedly permits high re-
covery of sulfur dioxide with smaller equipment.

A technique related to wet scrubbing is the spraying
of water slurries or dry powders of sulfur sorbents.
Various spraying devices, some of which are used in
conjunction with wet scrubbers, are shown in U.S. Pat.
Nos. 4,001,384; 4,323,371; 4,419,331; and 4,530,822.
These devices facilitate gas/liquid contact by atomiza-
tion of liquids into flue or stack gases. Injection of sor-
bents can be implemented in the furnace or post-furnace
zone, depending upon the thermodynamic and kinetic
processes involved, thereby increasing the flexibility of
the spraying technique.

Sulfur sorbent particles, ideally, should be small in
size, porous, and able to mix well with the gases that are
to be cleaned of pollutants. Typical sulfur sorbents are
listed below (“Alternative SO, Sorbents,” PSI Technol-
ogy Company Report PSI-538/TR-744, 1987. RE-
SEARCH PARK. P.O. Box 3100, Andover, Mass.
01810):
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2
Sorbent Class Sorbent Type Formula
Lime/Limestone  Hydrated Dolomite ~ Ca(OH);.Mg(OH);
Hydrated Lime Ca(OH);
Limestone CaCO3
Dolomite CaCO3.MgCO3
Alkali Trona NayC03.NaHCO3.2H,0
Nahcolite NaHCO3
Mizxed Cation Shortite NayCay(CO3)3
Gaylussite NazCa(C03),.5H20
Pirssonite NapyCa(CO3);H0
Eitelite NayMg(CO3),

Upon injection into high-temperature environments,
sulfur sorbents containing calcium undergo calcination
or decomposition to an oxide (CaQ). The same holds
true for magnesium-based sorbents which oxidize to
MgO, as taught in U.S. Pat. No. 4,874,591. The internal
surface area and porosity of sorbents increase drasti-
cally during calcination. However, at higher tempera-
tures, above 1000° C. for example, sintering occurs
progressively, and the calcium oxide particles rapidly
lose porosity and internal surface area.

Sulfation occurs subsequently to calcination. In other
words, CaO reacts with SO; and H3S gases to form
solid sulfate, sulfite or sulfide (CaSO4, CaSO3, or CaS).
The extent of magnesium oxide reaction with SO3 is not
defined but is known to be much smaller than with
calcium oxide. However, dolomite-based sorbents re-
sult.in higher SO; capture efficiency than calcite-based
sorbents which might be due to the larger total surface
area of the former. (Cole et al., Paper 16 Proceedings:
1986 Joint Symposium on Dry SO; and Simultaneous
S02/NO; Control Technologies. 1, EPRI CS-4966.
December 1986). Furthermore, it has been reported that
the presence of MgO promotes the catalytic oxidation
of any existing SO3to SO;. (Flagan et al., Fundamentals
of Air-Pollution Engineering. Prentice-Hall, New Jersey,
1988.) The reactions may potentially occur in the inter-
nal pore surface of the CaO particles as well as upon the
external particle surface. However, because of the high
molar volume of the calcium sulfate (3.3 times that of
Ca0) the reaction product induces pore filling and en-
trance closure in the sorbent particle. Hence, the outer
layer reacts first to form calcium sulfate, the pores plug
up, and the core remains unreacted. Although the sor-
bent particles may be ground to micron size to minimize
this waste, such an adjustment step is prohibitively ex-
pensive for power plant applications and other large-
scale uses.

NOycan be controlled by either minimizing its forma-
tion during the combustion processes or destroying it
(after it forms) in the effluent of combustion systems.
Control of NOx formation in combustion systems can be
achieved by modifying the design and the operating
conditions of the furnaces so that the fuel burns in sepa-
rate fuel-lean and fuel-rich stages.

A number of names have been applied to the various
implementation of staged combustion, including: over-
fire air, off-stoichiometric combustion, and low-NO,
burners. In staged combustion only part of the air re-
quired for complete combustion is supplied with the
fuel. The remaining air is supplied through separate
“overfire ports.” This process provides the time and
conditions required for NOy reduction to Nj. If this
process is carried too far, HCN will be formed in large
quantities (Flagan et al., supra). “Low-NO,” burners
utilize burner aerodynamics to slow the rate at which
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fuel and air are mixed (U.S. Pat. No. 4,381,718). The
degree of control that can be reached by this method is
limited by the need to achieve complete combustion
within the volume of the combustor.

Post-combustion destruction of NOyx includes tech-
niques such as selective reduction of NO by ammonia
(NH3), urea (H;NCONH,), or isocyanic acid as well as
selective catalytic reduction techniques (Flagan et al,,
supra).

SUMMARY OF THE INVENTION

The method of the invention is directed to control-
ling pollutant emissions from combustion systems. An
exemplary method involves the production and reac-
tion of a sorbent comprising aromatic salts of calcium,
in particular calcium benzoate or calcium magnesium
benzoate. Alternatively, an aromatic salt of any cation
that forms an oxide reactive with gaseous compounds of
the sulfur may be used in the method of the invention.

Preferably, the calcium benzoate is either dry-
sprayed (in the form of a fine powder) or wet-sprayed in
an aqueous solution in a high temperature environment
such as a combustion or post-combustion zone of a
furnace to provide fine particles necessary for reacting
with hot gaseous sulfur/sulfur oxides and nitrogen ox-
ides. Unlike calcium hydroxide, which is only slightly
soluble in water, and calcium carbonate, which is not
soluble in water, calcium benzoate or calcium magne-
sium benzoate may be completely dissolved in hot
water up to 8.5% by weight. Thus, in one embodiment,
a very fine mist of micron-sized droplets of calcium
benzoate solution is sprayed into a coal combustion
furnace where the water vaporizes and the organic
benzoate volatilizes and burns, reducing NOx to N». In
another embodiment, a very fine mist of calcium benzo-
ate powder is dry-sprayed into a coal combustion fur-
nace where the organic benzoate volatilizes and burns,
reducing NOx to Na.

The evaporation/combustion reactions of a calcium
benzoate sorbent, in either dry or wet form, result in the
formation of popcorn-like particles composed of cal-
cium oxide. These particles are hollow, or cenospheric,
with thin and porous walls. The as-formed particles are
as small as or smaller than those obtained by conven-
tional grinding techniques. Their walls contain micron-
sized blow holes as well as meso- and micro-pores for
optimum accessibility of the interior cavity to the gase-
ous sulfur compounds. As a result, the particles used in
the method of the invention are highly efficient at bind-
ing sulfur compounds.

Either mode of implementation of the method of the
invention, either wet or dry spraying of calcium benzo-
ate into a high temperature zone of a furnace, requires
low capital and operating costs and facilitates the retrof-
itting of existing facilities. The highly porous, cenos-
pheric nature of the hollow particles of lime (CaO)
resulting from the calcination of calcium benzoate pro-
vides for accessibility of the sulfur bearing gases to the
entire matrix of the particles, not only to their peripher-
ies. Accordingly, the volume of wasted or unreacted
sorbent is minimized. Among resulting advantages are
higher SO, capturing efficiencies associated with higher
sorbent utilizations, and lower expenses arising from
sorbent (ash) treatment and landfilling costs. Particu-
larly advantageous is the virtually unlimited supply of
the aromatic salts themselves since aromatic salts can be
easily produced from fossil fuels, particularly coal.
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DESCRIPTION OF THE DRAWINGS

A complete understanding of the advantages and
features of the invention can be more readily obtained
by reference to the following detailed description when
considered in conjunction with the accompanying
drawings wherein:

FIG. 1is a schematic view of calcium benzoate being
sprayed into a combustion chamber or post-combustion
chamber.

FIGS. 2a and 2b are photographs at magnifications of
100X and 200X, respectively, of needle-like structures
of commercially purchased, high purity calcium benzo-
ate.

FIGS. 32 and 3b are photographs at magnifications of
1700 X and 900X, respectively, of cenospheric calcium
benzoate particles formed at 1000° C. in air by spraying
a dry powder of calcium benzoate into a high tempera-
ture zone of a combustion chamber.

DETAILED DESCRIPTION OF THE
INVENTION

Calcium benzoate is a water-soluble form of calcium
which can be dissolved in hot water in concentrations
of up to 8.5% by weight. In an aqueous solution, cal-
cium benzoate is believed to be dissociated as calcium
ions (Ca?+) and benzoate ions (C¢HsCOO—). When
atomized and flash evaporated into a combustion zone,
the organic ligand, benzoate, pyrolyzes and forms hy-
drocarbon radicals which eventually are burned to CO
or CO; and H70O, and in the process reduce NOy to N».
This evolution of the organics from the sorbent parti-
cles is simultaneous with the oxidation of calcium, re-
sulting in an aerosol of very finely dispersed, dry parti-
cles of calcium oxide (CaO) ready for reaction with
sulfur. The cenospheric, popcorn-like particles of cal-
cium oxide (CaQ) formed during the combustion allow
easy penetration of the SO, gas to their hollow interior
through the micron-size blow holes formed in the parti-
cle walls and easy utilization of the entire matrix of
Ca0. This process results in high capture efficiencies
for SO; and conversion to CaSOs.

Although the mechanism of this evaporation/com-
bustion reaction may be complex, it is clear that using
an aromatic salt of calcium to control sulfur and NOyx
emissions simultaneously has fundamental advantages.
The dissolved calcium benzoate may be forced in solu-
tion thorough a nozzle, atomizer, nebulizer, or other
such dispersal device, and sprayed as a mist of micron-
size droplets into a high temperature zone whereupon
the water of solution vaporizes. Alternatively, a dry
powder of calcium benzoate particles may be sprayed
directly into the high temperature environment. The
high temperature zone may be in a combustion furnace
or post-combustion zone of a coal burning power plant,
an oil-fired furnace, an industrial furnace, an incinera-
tor, or any other combustion system, including a diesel
engine or other type of internal combustion engine.

Referring to FIG. 1, in a typical furnace, consisting of
a boiler 10 and attached scrubber 12, calcium benzoate
(the commercial, high purity compound having the
needle-like structures shown in FIGS. 2g and 2b ) is
provided in the form of a fine mist of micron-sized
droplets at the top of the boiler 10, via wet spray injec-
tion line 14 and nozzles 15, while a pulverized coal
flame is fed into the boiler via coal feed line 16. As the
water in the sorbent solution vaporizes, the organic
benzoate pyrolyzes, oxidizes, and hydrocarbon radicals
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which react with the nitrogen oxides to form Nj. At the
same time, as described, hollow and highly porous cal-
cium oxide particles are formed and react with the nox-
ious sulfur oxide gases. The reacted particles settle as

6
oxide of said cation forming and controlling SO»
pollutants.
2. The method of claim 1, wherein said aromatic salt
is sprayed into the high temperature environment of a

ash into the ash hopper 18 at the base of the boiler while 5 combustion zone.

unreacted flue gases pass to scrubber 12 via flue pipe 20.

Alternatively, in an exemplary process, dry calcium
benzoate powders were sprayed in a laminar flow fur-
nace at a temperature of 1000° C. into a gas containing
5% Oy, 1500 ppm of NOy, 3000 ppm of SO; and a bal-
ance of No. The Ca/S ratio was 1. It was found that, in
the treated exiting gas, SO, was reduced by ~70% and
NOjx was reduced by ~75%.

Referring to FIGS. 3a and 3b, the hollow, as-formed
particles of calcium oxide have highly porous walls,
with a porosity of approximately 75% and a BET total
internal and external surface area in the range of 20-40
m2/g. They contain large micron-sized blowholes as
well as meso-pores ~ 150 nm in diameter for providing
the gaseous sulfur dioxide maximum accessibility to
internal as well as external reaction sites.

The overall reaction mechanism for simultaneous
NO; and SO, removal is:

Ca(CgH5COO0), +NO—~CO, CO, Hy0, N; and
CaO(solid)
CaO(solid)+ S0+ 302—>CaSO4(solid).

As the temperature is increased, the reaction is thermo-
dynamically less favorable but proceeds to completion
at a faster rate. Alternatively, commercially available
calcium magnesium benzoate or other aromatic salts
may be used.

Other aromatic sorbents are also useful in the method
of the invention and include alkali metal or alkaline
earth metal salts of aromatic compounds including, but
not limited to, p-hydroxybenzoic acid, protocatechuic
acid, cinnamic acid, vanillic acid, vanillin, syringic acid,
and ferulic acid.

Aromatic calcium salts may be produced in such
large quantities from coal and other fossil fuels that
their supply is virtvally unlimited. High purity of the
sorbent is not at all necessary for the method of the
invention. Procedures for the isolation of mixtures of
aromatic acids from low-grade fossil fuels are described
in Lowry, Chemistry of Coal Utilization, Vol 1, Jobn
Wiley & Sons, New York, 1946, the whole of which is
herein incorporated by reference. Aromatic acids can
be converted to the desired salt by ion exchange in an
aqueous solution using, e.g., a mix of acetic acid and
calcite or dolomite stone pH=4. Addition of a base
such as Ca(OH); drives the reaction to completion.

Other embodiments of the invention will be apparent
to those skilled in the art from a consideration of this
specification or practice of the invention disclosed
herein. It is intended that the specification and the ex-
amples be considered as exemplary only, with the true
scope and spirit of the invention being indicated by the
following claims.

What is claimed is:

1. A method for simultaneously removing SO; and
NOy pollutant emissions from a combustion system,
consisting essentially of the steps of:

providing an aromatic salt of a cation that forms an

oxide reactive with gaseous compounds of sulfur;
and

spraying said aromatic salt into a high temperature

environment of a combustion system in the pres-
ence of gaseous compounds including SO; and
NOy pollutants resulting from combustion in said
combustion system, the aromatic anion of said salt
pyrolyzing and controlling NOy pollutants and,
simultaneously, cenospheric, porous particles of an
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3. The method of claim 1, wherein said aromatic salt
is sprayed into the high temperature environment of a
postcombustion zone.

4. The method of claim 1, wherein in said providing
step said aromatic salt is in the form of an aqueous solu-
tion of said salt.

5. The method of claim 1, wherein in said providing
step said aromatic salt is in dry form.

6. The method of claim 1, wherein in said providing
step said aromatic salt comprises calcium as a cation.

7. The method of claim 1, wherein in said providing
step said aromatic salt comprises benzoate as an anion.

8. The method of claim 1, wherein said aromatic salt
includes calcium benzoate.

9. The method of claim 1, wherein said aromatic salt
includes calcium magnesium benzoate.

10. A method for simultaneously removing SO; and
NOy pollutant emissions from a combustion system,
consisting essentially of the steps of:

providing calcium benzoate salt; and

spraying said calcium benzoate salt into a high tem-

perature environment of a combustion system in
the presence of gaseous compounds including SO;
and NOy pollutants resulting from combustion in
said combustion system, the benzoate anion of said
calcium benzoate salt pyrolyzing and controlling
NOjy pollutants and, simultaneously, cenospheric,
porous particles of calcium oxide forming and con-
trolling SO, pollutants.

11. The method of claim 10, wherein said calcium
benzoate salt is in an aqueous solution.

12. The method of claim 10, wherein said calcium
benzoate salt is in dry form.

13. The method of claim 10, wherein said calcium
benzoate salt is sprayed into the high temperature envi-
ronment of a combustion zone.

14. The method of claim 10, wherein said calcium
benzoate salt is sprayed into the high temperature envi-
ronment of a postcombustion zone.

15. The method of claim 11, wherein said spraying
step further comprises the use of a nozzle.

16. The method of claim 10, wherein said high tem-
perature environment is separated from a combustion
zone which emits sulfur.

17. The method of claim 10, further comprising the
step of accumulating and removing reaction products
from said high temperature environment.

18. A method for simultaneously removing SO; and
NOyx pollutant emissions from a combustion system,
consisting essentially of the steps of:

providing calcium benzoate salt; and

spraying said calcium benzoate salt into the high-tem-

perature post combustion zone of an internal com-
bustion engine system in the presence of gaseous
compounds including SO; and NOy pollutants re-
sulting from combustion in said internal combus-
tion engine, the benzoate anion of said calcium
benzoate salt pyrolyzing and controlling NO; pol-
lutants and, simultaneously, cenospheric, porous
particles of calcium oxide forming and controlling
SO; pollutants.

19. The method of claim 18, wherein said calcium
benzoate salt is in an aqueous solution.

20. The method of claim 18, wherein said calcium

benzoate salt is in dry form.
* * * * *
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